Radius and magnetic field from Synchrotron-self-absorbed radio and Inverse Compton 

X-ray observations of Supernovae 


Boaz Katz 1 * 

^Institute for Advanced Study, Princeton, NJ 08540, USA 

Simple expressions for the radius and magnetic field of a system emitting Synchrotron-self- 
absorbed radio and Inverse Compton X-rays are derived from first principles which involve observ- 
able quantities only. These expressions are useful for analyzing observations of Supernova blastwaves 
interacting with dense circumstellar material at early times. 
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Expressions for the radius and magnetic field of a 
system emitting Synchrotron-Self-Absorbed (SSA) radio 
were derived in [l|, |3j and applied to Supernova blast- 
waves interacting with dense circumstellar material in 
0, H| • These expressions (weakly) depend on the ratio 
of the unknown energy densities of relativistic electrons 
and the magnetic field. Here we derive expressions that 
are parameter independent for the abundant cases [e.g. 
0] where Inverse Compton (IC) emission is also observed. 

Consider a spherical source of radius R observed at 
a distance d, with a power law distribution of electrons 
dN/dj cx 7 _p , magnetic field B (isotropically oriented) 
and target photon energy density Ut with observed flux 
F t = Utc9 2 where 9 — R/d is the angular scale of the 
source on the sky. The SSA flux per logarithmic fre- 
quency reaching the observer is given by [e.g. Q : 
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For the most widely observed case p = 3 [e.g. [j], where 
vf v =const, these do not need to be the same electrons. 
There are thus two equations, ([TJ and ([2]), for two vari- 
ables B, and 9, which can be solved for in terms of the 
observable parameters, rsic. F t and /^abs- 

Using the following combination of observable quanti- 
ties, 


B t = {^rsicFt/c) 1 ' 2 , f Bt = nD(p) 
we find 
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, B = B t 9-\ 
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with D(p) given by 
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p = 2 2.2 2.4 2.6 2.8 3 
Dip) = 0.2010 0.1773 0.1581 0.1423 0.1291 0.1179. 

Equation |T]) is equivalent to the Rayleigh Jeans tail of 
black-body emission with a frequency dependent temper- 
ature, T v — Dip)[4:'Ki'm e c/ieB)] 1 / 2 m e c 2 /3, correspond- 
ing to the effective energy of the electrons emitting Syn- 
chrotron at the frequency v. The radio emission at high 
frequencies, where the system is optically thin, is related 
to the IC X-ray emission from the same electrons by 
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